Abstract. The present study focused on the degree of tissue injury following single-port laparoscopic surgery (SPLS) and multiport laparoscopic surgery (MPLS) for the treatment of various benign gynecologic diseases. A total of 228 patients were prospectively enrolled at seven academic centers in South Korea between April 2011 and September 2012. Of these, 122 patients underwent SPLS and 106 patients underwent MPLS. The serum levels of C-reactive protein, creatine phosphokinase, lactic dehydrogenase and cancer antigen 125 were measured preoperatively and on postoperative day 4 by immunonephelometry. Cosmetic satisfaction and postoperative pain scores (visual analogue scale) were analyzed. Postoperative changes in the levels of the serum markers were found to be similar between the SPLS and MPLS groups. However, the postoperative pain scores at 48 h were significantly lower in the SPLS group when compared with those in the MPLS (P=0.001). In addition, patient-controlled analgesia was used more frequently by patients in the MPLS group (P= 0.003). The present study is the first prospective investigation of tissue injury resulting from SPLS and MPLS in gynecology. In conclusion, the current study demonstrated that serum marker levels during SPLS were similar to those during MPLS in the treatment of benign gynecologic diseases. However, SPLS is a reasonable alternative to MPLS and is associated with comparable tissue injury, improved cosmesis and reduced postoperative pain.
Introduction
Gynecological laparoscopic surgery has replaced laparotomy for the treatment of benign diseases, including uterine fibroids and adnexal cysts, since it has various advantages, including a shorter hospital stay, decreased postoperative pain, a lower wound infection rate and improved cosmesis (1) . The use of single-incision laparoscopy in gynecology was first described in the study by Wheeless in 1969 (2) . Single-port laparoscopic surgery (SPLS) is a less invasive surgical procedure when compared with conventional multiport laparoscopic surgery (MPLS) (3) .
The outcome of SPLS is commonly evaluated on the basis of morbidity, pain, recovery and cosmesis. In a previous randomized study, no differences were identified in the operative time, intraoperative or immediate postoperative complications, estimated blood loss, shoulder tip pain, time to first flatus or length of hospital stay between single-port laparoscopic-assisted vaginal hysterectomy and conventional multiport laparoscopic-assisted vaginal hysterectomy (4) . However, postoperative pain and use of analgesics were significantly reduced in the single-port group compared with Tissue injuries after single-port and multiport laparoscopic gynecologic surgeries: A prospective multicenter study the conventional multiport group (4) . However, a further randomized study found similar levels of postoperative pain and significantly increased shoulder tip pain in women who had undergone laparoendoscopic single-site surgery compared with those who had undergone conventional laparoscopic surgery (3) . These conflicting results may result from subjective assessment of the pain levels by patients. Therefore, the use of a more objective method is required to compare the effects of the two operative methods. One of the objective means consists of evaluating the degree of differences of surgical tissue injuries. The degree of tissue injury can be assessed by measuring the serum levels of specific proteins and enzymes associated with tissue injuries, including C-reactive protein (CRP), creatine phosphokinase (CPK), lactate dehydrogenase (LDH) and cancer antigen 125 (CA-125) (5, 6) . Since surgical injuries stimulate a tissue response during surgical procedures, the serum marker levels also increase in these patients (7) . The measurement of serum marker levels thus offers an objective method for the determination of the relative invasiveness of the procedures (8) (9) (10) (11) .
The present study focused on the degree of tissue injury following SPLS and MPLS. A previous gynecologic study noted more marked intraperitoneal injuries following laparotomy rather than following laparoscopy (12) . However, to the best of our knowledge, no previous study has examined the difference in tissue injuries between SPLS and MPLS. Therefore, we report the first multicenter prospective study that compares the degree of tissue injury between the two laparoscopic techniques. The patients were preoperatively diagnosed with uterine fibroid, adenomyosis, cervical dysplasia, ovarian cyst and tubal pregnancy. After informing the patients of the advantages, disadvantages and limitations of SPLS and MPLS, one of these procedures was selected by each participant and was performed with their consent. Approval from the Institutional Review Board was obtained at each clinical center, and all patients provided written informed consent for participation in the present study.
Patients and methods

Patients
Surgeries. All patients were admitted to hospital, preoperatively prepared for surgery, including the administration of an enema the night before and >8 h fasting. The procedure was performed under general anesthesia with the patients in the dorsal litothomy position (14) . A prophylactic antibiotic (single dose of the first-generation cephalosporin; Dong-A Pharm, Seoul, Korea) was administered prior to the surgery. During the laparoscopic surgeries, a CO 2 pneumoperitoneum was constructed to maintain the intraabdominal pressure at 10-12 mmHg. During SPLS, a single intraumbilical incision approximately 2 cm in length was made using an Octo-Port (DalimSurgNet, Seoul, Korea). During MPLS, four incision sites (one 12-mm intraumbilical port and three 5-mm ports) were used along with trocars according to surgeon preference. Experienced surgeons performed these procedures, after performing at least 30 MPLS and 20 SPLS and participating in a workshop to ensure standardization of the surgical procedures.
Assessment of postoperative tissue injuries.
The serum levels of CRP, CPK, LDH, and CA-125 were measured to assess the impact of two operative techniques on tissue injury. Briefly, blood samples (20 ml) from a peripheral vein puncture were collected preoperatively and on postoperative day 4. Each blood sample was centrifuged at 2,191 x g for 10 min, and the collected serum was stored at -70˚C in individual tubes. Serum CRP level was measured by rate immunonephelometry (cat. no. OSR 6147/AU; Beckman Coulter, Inc., Brea, CA, USA) using commercial kits. CPK and LDH were measured using a kinetic ultraviolet method (cat. no. 89137-236; Olympus Diagnostica GmbH, Hamburg, Germany). CA-125 was determined using a radioimmunoassay kit (cat. no. M2233-B64312/IRMA; Centocor Diagnostics, Inc., Malvern, UK). The assays were performed according to the manufacturer's instructions. All samples were analyzed at a single institution (Korea University Guro Hospital).
The operative time was calculated from the first skin incision to the skin closure. The estimated blood loss was calculated by the difference in the total quantity of suctioned and irrigation fluids. In addition, hemoglobin levels were evaluated on the preoperative and postoperative day 4. Patients were allowed to leave the hospital after day 2. The use of additional ports, conversion to open laparotomy and postoperative complications were also analyzed. Patient satisfaction with cosmesis was assessed using the scar satisfaction score (range, 0-5; 5 = very satisfactory) that was calculated at 4 days, 4 weeks and 8 weeks after surgery. Postoperative pain was controlled by patient-controlled analgesia (PCA). Participants received parenteral non-steroidal anti-inflammatory drugs (ketorolac tromethamine, 30 mg; intramuscular injection; Yuhan Co., Seoul, Korea) on demand for additional pain control. Postoperative pain was assessed using a visual analogue scale (VAS) score (range, 0-10; 10 = severe pain) at 4, 24 and 48 h.
Statistical analysis.
For statistical analysis of the variables between the two laparoscopic groups, changes in continuous comparative data (such as biochemical markers) were analyzed using the Student's t-test. The χ 2 test was used to compare the proportions between the groups. Values of P<0.05 were considered as statistically significant. The statistical software IBM SPSS statistics version 20.0 (IBM Corp., Armonk, NY, USA) was used for all the data analyses.
Results
Patient characteristics.
A total of 228 patients were recruited into the study, of which 122 underwent SPLS and 106 underwent MPLS. There were no statistically significant differences in the mean age, mean body mass index (BMI) or previous abdominal surgery between the groups (Table I) . Laparoscopic surgery was indicated in 122 cases of uterine disease (including fibroids, adenomyosis, preinvasive cervical neoplasia and endometrial hyperplasia) and 106 cases of adnexal disease (including ovarian cystadenoma, dermoid cyst, fibroma and tubal pregnancy), as shown in Table II . Patients with uterine disease more commonly underwent MPLS (66%) compared with SPLS (34%), whereas patients with adnexal disease more commonly underwent SPLS (58.2%) rather than MPLS (41.8%; P<0.001).
Surgical findings. The operative results are summarized in Table III . Patients in the SPLS group experienced slightly shorter surgery duration compared with that in the MPLS group, however, this difference was not statistically significant (85.9±53.5 vs. 95.9±71.4 min, respectively; P=0.239). In addition, no significant difference was observed in the estimated blood loss or the preoperative and postoperative hemoglobin levels between the SPLS and MPLS groups. Furthermore, no postoperative complications occurred in the two groups. However, two patients in the MPLS group underwent conversion to the laparotomy approach during the MPLS surgery.
Postoperative clinical outcomes. Postoperative pain scores were compared between the two groups (Table IV) . The postoperative VAS pain scores at 4 h (P=0.208) and 24 h (P=0.613) did not differ between the SPLS and MPLS groups. By contrast, the postoperative VAS pain scores at 48 h were significantly lower in the SPLS group when compared with those in the MPLS group (2.2±1.1 vs. 2.7±1.0, respectively; P=0.001). In addition, PCA was more frequently used by the patients in the MPLS group (P=0.003) compared with those in the SPLS group. Total nonsteroidal anti-inflammatory drug requirements were similar between the two groups (P=0.244).
Patients in the SPLS were significantly more satisfied with the postoperative cosmetic results (Table IV) . Scar satisfaction scores at 4 days were significantly greater in the SPLS group when compared with the MPLS group (P<0.001), and persisted at 4 and 8 weeks after surgery (P=0.003 and P=0.030, respectively). The time from surgery to return to work was also shorter in the SPLS group compared with that in the MPLS group (8.2 vs. 10.8 days; P=0.008).
Serum levels of tissue injury markers.
With regard to the serum levels of tissue injury markers, similar preoperative values were observed between the two groups (Table V) . Compared with the preoperative values, postoperative CRP level at day 4 was significantly increased in the SPLS (0.4±0.9 vs. 10.9±18.4 mg/l, respectively; P<0.001) and MPLS groups (0.4±0.8 vs. 8.6±18.1, respectively; P<0.001). Preoperative and postoperative changes in CA-125, CPK, and LDH levels were not significantly different between the two groups, with the exception of CA-125 that was significantly increased in the SPLS group at postoperative day 4 (23.5±21 vs. 29.3±17.1.6 U/ml; P=0.028). However, no statistically significant variations were observed between the SPLS and MPLS groups, as shown in Table VI and Fig. 1 . Furthermore, changes in the preoperative and postoperative (day 4) CRP levels were similar in the SPLS (0.4±0.9 vs. 0.4±0.8 mg/l, respectively; P=0.950) and MPLS (10.5±18.0 vs. 8.4±17.5 mg/l, respectively; P=0.950) groups.
Discussion
Laparoscopic surgery has established advantages in the treatment of benign gynecologic diseases (1, 15) . Numerous surgeons have attempted to decrease the size and number of ports to maintain the surgery minimally invasive (16) . Recent advances in laparoscopic equipment and improvements in surgical skills have resulted in the challenge of performing a single abdominal incision in gynecologic surgery (17) . The present study evaluated the surgical injuries induced by two different laparoscopic procedures (single-port and multiport surgery) for the treatment of various benign gynecologic diseases. The results showed no statistically significant differences in the serum levels of tissue injury markers between the SPLS and MPLS groups. Patient satisfaction of the cosmetic results and the postoperative VAS pain scores were found to be improved in the SPLS group compared with those in the MPLS group.
Tissue injuries during surgery produce a generalized inflammatory, immunosuppressive and metabolic reaction (18, 19) . CRP, CPK, LDH and CA-125 are well known indicators of tissue injury, since their levels increase as a result of major surgery. In the present study, a significant increase was observed in the serum levels of CRP (in both groups) and CA-125 (only in the SPLS group) following laparoscopic surgery. Increases in serum CPK and LDH levels subsequent to surgery may also depend on and reflect injury severity (5) . However, the current study results showed no concomitant increases in the serum levels of CPK and LDH on postoperative day 4. This may be due to a decrease in serum peak levels by clearence. A previous study revealed that the serum levels of CPK and LDH peak at 30 h and 34 h, respectively, after an incision (5) .
Several studies are investigating tissue injury following laparoscopic surgery (20) (21) (22) . One such study comparing serum levels of tissue injury markers in abdominal and laparoscopic-assisted hysterectomy reported that the laparoscopic group had lower postoperative CRP and CPK values on postoperative days 1 and 2 (21) . A more recent study of laparoscopic hepatectomy found that SPLS and MPLS had comparable impacts on the patients' stress responses (22) . However, no significant differences in serum marker levels were identified between the SPLS and MPLS groups in the current study. According to the results, the number of trocar incisions has little impact on tissue injuries.
Furthermore, the present study found that women in the SPLS group had a lower pain level 48 h after surgery and used reduced PCA when compared with women in the MPLS group. Pain VAS scores were similar up to 24 h after surgery; however, these were significantly different at 48 h after surgery, with lower pain scores observed in the SPLS group. Late postoperative pain may mainly reflect ambulation-induced pain from the abdominal wounds. Shorter skin incision and fewer muscle components in the umbilical area can minimize postoperative pain in SPLS, as previously reported (23) . Several studies on gynecologic benign diseases have shown reduced postoperative pain and improved cosmetic outcomes subsequent to SPLS (24-26).
Other potential benefits of SPLS include a shorter recovery period, lower morbidity rates and reduced costs (27) . The mean time until return to work and scar satisfaction score were significantly improved in the SPLS group when compared with the MPLS group in the current study.
The present study is the first prospective, multicenter, case-control study on tissue injury resulting from SPLS and MPLS in gynecologic surgery, while an advantage of the study is the a relatively large number of patients enrolled.
In conclusion, the current study demonstrated that serum levels of tissue injury markers during SPLS were similar to those during MPLS, performed for the treatment of benign gynecologic diseases. Although the present study failed to demonstrate the superiority of SPLS over MPLS according to the serum marker levels, SPLS in gynecology is considered as a reasonable alternative to MPLS and is associated with comparable tissue injuries, improved cosmesis, reduced postoperative pain and a shorter recovery period. 
Preoperative day Postoperative day 4 Serum -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
